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Abstract 
Noise has been spotted in Synchrotron Radiation X-ray Computed Tomography (SR-CT) experiment; however, 
traditional filter functions (such as S-L filter function and R-L filter function) do not take the presence of noise into 
account. Therefore, the quality of reconstructed image is affected by noise seriously. In this paper, actual situation of 
SR-CT experiment was considered and a new filter function was applied. Simulation experiment was performed in 
order to verify the advantages of new filter function. The images reconstructed by different filter functions were 
compared by using image-evaluated parameters. The reconstructed images from ceramic sintering experiment 
projection were also obtained. The result shows that the new filter function is more suitable than the traditional filter 
functions in actual situation. To be close to the actual situation, the experiment noise in projections was analyzed. A 
new method to apply new filter function in reconstruction was presented by which image quality can be improved 
and the problem that image quality is affected by noise can be relieved. Therefore, this method could be better used 
in the real-time microstructure detection. 
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1. Introduction 
SR-CT technique has been well developed in recent decades, which can detect internal structure of objects 
without any destruction. Compared with scanning electron microscopy and other conventional materials testing 
instruments, SR-CT technique has its unique advantages, such as non-destructive, in situ and real-time, etc. SR-CT 
technique can achieve real time testing of microstructure evolution in external fields, such as temperature field, 
electromagnetic field, force field, etc [1-4]. So, SR-CT technique has been used in life science, materials science, 
environment science and other science fields. SR-CT technique mainly includes two sections: projection acquisition 
and image reconstruction. In the process of image reconstruction, filtered-back-projection algorithm was widely 
used because of its high speed and great reconstruction quality. The key point of filtered-back-projection algorithm 
is the filter function, which affects the quality of the reconstructed image directly. Meanwhile, there are some actual 
problems in detection of microstructure evolution under extreme conditions: when collecting the projections by X-
ray detector, there is noise in the projections because of the instability of X-ray source. But in the traditional 
reconstruction algorithm, the presence of noise was not considered; therefore, the image quality was greatly affected 
by noise. 
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In this paper, a new filter function which has two alterable parameters was applied. Experiment noise was 
analyzed and signal noise ratio (snr) of background image was calculated. According to the analysis of background 
image, the numerical values of parameters in new filter function can be determined. The purpose of this work is to 
find an appropriate method suitable for the actual experiment conditions and reduce the influence of experiment 
noise. 
2. Summarize of the filter-back-projection algorithm 
Synchrotron radiation source has many excellent characteristics which conventional light source is inimitable, 
such as high collimation, high polarization, high coherence, wide spectrum range and high spectral photon flux.   
SR-CT experiment is to use different absorption in different substances, so the gray scale in projection data is 
different. This technique is a non-destructive testing method by which the sample passed through by synchrotron 
radiation X-ray is placed in a rotation, and the projections of the sample are received by an X-ray detector. After 
acquiring a set of projections in the rang of 180 degree, the cross section images of internal structure of the sample 
can be reconstructed by reconstruction algorithms, and then 3-D profile of sample can be reconstructed. SR-CT 
experiment flow chart is shown in Figure 1. The most commonly used reconstruction algorithm is filter-back-
projection algorithm.  
2.1 Filter-back-projection algorithm 
Filter-back-projection algorithm is evolved from back-projection algorithm. From the view of systems, back-
projection algorithm is an imaging system. The original image is u(x, y) and the back-projection image is: 
( , ) ( , ) ( , )f x y u x y h x y                                                 (1)                    
Here h(x, y) whose Fourier transform is the transfer function in frequency domain is the point spread function 
of system. When the original image is a pointolite, the point spread function of back-projection algorithm is: 
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From Formula (2), the point spread function of back-projection algorithm is not G function, so artifacts will 
appear. 
From the view of filtering, if a filter function satisfies the following condition: 
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                                     (3) 
Artifacts can be eliminated, and it is just filter-back-projection algorithm. 
Figure 1: SR-CT Experiment flow chart 
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2.2 Traditional filter functions and new filter function 
So the expression in frequency domain of ideal filter function is: UU  )(H  ( U  is the spatial frequency 
domain). But  
fo ³³
f
f
f
f
UUUU ddH 22)(                                         (4)
This ideal filter function is not realizable [5], because it is non-bounded. So an appropriate window function 
)(UW is needed, and filter function becomes )(UUW . Usually, window function is SINC function or RECT 
function, and filter function is S-L filter function or R-L filter function correspondingly. 
As the spatial frequency of S-L and R-L filter function is finite, Gibbs effect occurs inevitably when S-L and 
R-L filter function are applied to image reconstruction. A part of signal will be amplified and artifacts will be 
generated. Especially when there is high frequency noise in projections, the quality of reconstructed images will be 
affected seriously [6]. 
The quality of reconstructed images will be improved by eliminating Gibbs effect. A new kind of filter 
function is applied in this paper [7]. 
The discrete expression in frequency domain is: 
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zs s  . s is the length of filter function; 1z and 2z are alterable parameters. 
The frequency domain characteristics of S-L filter function, R-L filter function and new filter function (z1=2,
z2= 6) are shown in figure 2.  
Figure 2: Frequency domain characteristics of S-L (a), R-L (b) and new filter function(c) 
As shown in Figure 2, there is a significant decrease near the cutoff frequency. Image precision is guaranteed 
because Gibbs effect and high frequency noise are inhibited. 
3. Evaluation of Simulation experiment 
Simulation experiment was performed for a further research on filter functions. Figure 3 shows the original 
image of cross section of sample, which is generated by computer [5]. The pixels of this image are 256h256 with 
8bit gray. The gray scales in the part of black and white are 13 and 167 correspondingly, which simulate holes and 
particles. The gray scale of the surrounding of the image is 0, which simulates the background. 
(a) (b) (c) 
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
3.1 Evaluation parameters of reconstructed images 
Evaluation parameters are needed for judging the quality of reconstructed images. In this work, covariance 
correlation coefficient, normalized mean square distance and normalized average absolute distance were applied to 
compare the images. 
Equality˄6˅ is covariance correlation coefficient C, which is used for measuring the degree of closeness 
between reconstructed image and original image. When C=1, it means that reconstructed image and original image 
are complete consistency; when C=0, it means that reconstructed image and original image are complete 
inconsistency. 
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Equality˄7˅is normalized mean square distance D. Large deviation on small number of points makes D 
larger. 
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Equality˄8˅is normalized average absolute distance R. As contrasted with D, small deviation on large 
number of points makes R larger. 
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Here ix is gray scale on each point of reconstructed image; x is the average value of reconstructed image; 
r
ix is gray scale on each point of original image; 
rx is the average value of original image. 
Figure 3: Original image 
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3.2 simulation experiment and analysis of reconstructed images 
Firstly, a series of projections is generated by performing Radon transform on original image, with one 
projection per degree. After 180 projections are generated aggregately, S-L, R-L and new filter function were 
applied in image reconstruction. The result is shown in Figure 4. 



Evaluation parameters of reconstructed images are shown in Table 1 
 covariance correlation 
coefficient C 
normalized mean 
square distance D 
normalized average 
absolute distance R 
S-L filter function 0.9899092 0.1431370 0.0706893 
R-L filter function 0.9910747 0.1347093 0.0724728 
new filter function˄z1=2, z2= 6˅ 0.9926682 0.1280677 0.0886617 
We can get conclusion from table 1 that: 
1) In the view of covariance correlation coefficient C, the reconstructed image by new filter function is the most 
close to 1ˈwhich means that the reconstructed image by new filter function is the most close to original image. 
2) In the view of normalized mean square distance D, new filter function is better than traditional filter functions. 
So large deviation on small number of points is of rare occurrence in the reconstructed image by new filter 
function. 
3) In the view of normalized average absolute distance R, new filter function is a little bigger than traditional filter 
functions. Small deviation on large number of points exists in the image reconstructed by new filter function. 
To sum up, the image reconstructed by new filter function is the closest to original image. Small deviation on large 
number of points does not disturb the detection of microstructure evolution seriously. As compromise is made 
between D and R, the comprehensive evaluation of new filter function is the best. 
4. Application in experiment 
In SR-CT experiment, the quality of reconstructed image is affected by noise. How to reduce the influence of 
noise is the major content of this section. 
4.1 Analysis of experiment noise
There is noise in projections as instability of synchrotron radiation X-ray source and electromagnetic 
interference in image acquisition system; therefore, the quality of reconstructed images by filter-back-projection 
algorithm will be affected. The noise in SR-CT experiment is mainly Gaussian white noise [8]. It is essential to add 
Table 1: Evaluation parameters of reconstructed images 
Figure 4: Reconstructed images by three different filter functions: (a) S-L filter 
functions ; (b) R-L filter functions ; (c) new filter functions(z1=2ǃz2= 6) 
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Gaussian white noise to projections in simulation experiment. Signal noise ratio (snr) is an important parameter 
when analyzing Gaussian white noise [9-10].
10 lg( )ipowsnr
npow
 u
˄9˅
ipow and npow are power of ideal background image and power of noise image respectively. Noise image 
is obtained by subtracting ideal background image from experiment background image. The power of 
image is obtained by Fourier transform. Suppose the Fourier transform of an image is A, and the power of 
this image is:
( )i
i
abs A
apow
p q
 
u
¦
                                          ˄˅
p and q are the length and width of the image respectively, and abs(A) is the module of A.
Ideal background image is separated from experiment background image. Concrete method is: calculating the 
gray histogram of experiment background image, extracting the peak value of the gray histogram, generating a 
constant gray scale image by using that peak value. This image is the ideal background image. After calculating, the 
peak value of gray histogram is between 210 and 200, and snr is between 22.3495 and 23.0242db. Figure 5 shows 
experiment background image (a) and ideal background image (b). 
                                       
4.2 simulation experiment with noise 
In simulation experiment, Gaussian white noise whose snr is 23db was added in all projections. The 
reconstructed images are shown in figure 6. New filter function has obvious advantages compared with traditional 
filter functions. Image noise is well inhibited. However, we can not determine the numerical value of two 
parameters in new filter function at this time. In order to obtain the optimal denoising effect, different noise must be 
corresponding to different parameters. Calculating one by one is needed as the time of reconstruction is very short 
(usually 2 seconds will be enough), and then the optimum parameters are determined. Image-evaluated parameters 
are shown in table 2. In this situation, new filter function has greater advantages: Firstly, the numerical value shows 
that the quality of reconstructed image by new filter functions is the best. Meanwhile, that parameters are adjustable 
is another advantage of new filter function. The numerical values of parameters can change with different noise. 
According to the noise of this experiment, when z1 takes 20 and z2 takes 1, image quality is appropriate. 
(b)(a)
Figure 5: Experiment background image and ideal background image 
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 covariance correlation 
coefficient C 
normalized mean 
square distance D 
normalized average 
absolute distance R 
S-L filter function 0.89251351 0.47307938 0.38115398 
R-L filter function 0.85072615 0.56523324 0.45324926 
new filter function˄z1=20, z2= 1˅ 0.96605676 0.26509918 0.19698286 
new filter function˄z1=10, z2= 1˅ 0.96522928 0.26808701 0.19919117 
new filter function˄z1=20, z2= 5˅ 0.90869060 0.42504992 0.33744246 
4.3 Experiment and reconstructed images 
The experiment which aims at detecting the microstructure evolution in sintering process was performed 
at the BL13W1 beamline in Shanghai Synchrotron Radiation Facility. The available tunable energy range of 
this system is 8–72.5 KeV and the resolution of X-ray detector whose field of view is 1.4 mm (width) ×1 mm 
(height) is 7 ȝm/pixel. The X-ray with 20 keV was selected in this experiment. SiC particles tacked in quartz 
capillary whose external diameter is 1 mm were inspected in a 1.0° step within 180°, therefore, 180 projections 
were acquired totally. The diameter of SiC particles is from 30 ȝm to 50 ȝm. The whole sintering process was 
performed in a sintering cavity heated by microwave which is specifically designed for SR-CT experiment. 
The images reconstructed by traditional filter functions are shown in figure 7. Ring artifacts and error points 
are serious and hinder the discrimination of microstructure. So the reconstructed images can not show the 
internal structure of simple expressly. 
(c) (b)(a) 
Figure 6: Reconstructed images with noise by three different filter functions:(a) S-L filter 
functions ; (b) R-L filter functions ; (c) new filter functions(z1=20ǃz2= 1). 
Table 2: Evaluation parameters of reconstructed images from the projections with noise 
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The numerical value of parameters in new filter function is determined as section 4.2. The image reconstructed 
by new filter function (z1=20, z2= 1) is shown in figure 8. Ring artifacts and error points are well eliminated which is 
quite helpful to observe the microstructure evolution in ceramic sintering process. Although the characterization in 
detail misses partly, over segmentation is reduced when particle statistic and sintering neck statistic are performed 
on data post-treatment. So new filter function is more suitable for practical application. 
5 Conclusion 
The influence of SR-CT experiment noise was analyzed in this work. In traditional reconstruction algorithm, 
ring artifacts and error points hinder the discrimination of microstructure seriously and the internal structure of 
simple can not be observed clearly. A new filter function was applied and simulation experiment shows that new 
filter function is better than traditional filter functions. The image reconstructed by new filter function is very close 
to original image. A kind of new reconstruction method was proposed: Firstly, the feature of experiment noise was 
analyzed. Secondly, the noise with the same feature was added into simulation projections and the numerical values 
of parameters in new filter function can be determined. Finally, the image was reconstructed by utilizing new filter 
function. Ring artifacts and error points were inhibited significantly with this method and image quality was 
improved. The technique of SR-CT can be used in detection of microstructure evolution. 
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